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Description 

This invention relates to the synthesis of cyclic peptides, and more particularly to a novel method for 
the synthesis of substituted and unsubstituted 2, 5-diketopiperazines. 

5 2,5-Diketopiperazines are useful as fungicides and as intermediates for the synthesis of other com- 
pounds. Thus, for example, Chan et al, U.S. Patent 4 140 791 discloses the use of 1 ( 4-di(2,6-dimethylphe- 
nyiV2 5-diketopiperazine for control of various fungal diseases. Sut et a! "N-MonoaDcylation of Some 2- 
Oxo and 2,5-Dioxopiperazines", Chtmle Therapeutioue. 4 (3). pp. 167-173 (1969), describes the synthesis 
of a series of 2-oxoplperazine and 2,5-dloxoplperazines which, were found to have analgesic and anes- 

10 thetic activities. 

The copending and coassigned applications of Miller and Taylor, EP Application No. 36 370 131.9 and 
Mifler, Reitz and Pulwer, EP Application No. 36 870 132.7 describe the use of 1, ^substituted 2,5-dIke- 
toplperazines In a synthesis scheme leading to the preparation of N-phosphonomethylglydne. N- 
phosphonomethylglydne, known also by its common name, glyphosate, Is a highly effective and commer- 

15 dally important phytotoxicant useful In controlling a large variety of weeds. It is applied to the foliage of 
a very broad spectrum of perennial and annual grasses and broadleaf plants. Industrial uses indude 
control of weeds along roadsides, waterways, transmission lines, storage areas, and other non-agricul- 
tural areas. Usually glyphosate is formulated into heibicidal compositions, preferably in water. The 
aforesaid copending application of Miller, Reitz and Pulwer (EP Application No. 36 370 132.7 describes a 

20 method In which an aqueous solution of N-alkyI glyphosate may be prepared without Isolation of Inter- 
mediates by a reaction scheme commendng with N,N^liaIkyl-2£-dtatopiperazine. 

Okawara et al, "Convenient Synthesis of Piperazine-2,5-diones and Lactams from Halocaiboxamides 
Using Phase Transfer Catalysts", Chemistry Letters. 1981, pp. 185-189. describes the synthesis of vari- 
ous 1,4-disubstituted-2 f 5-diketopiperazines by Intermolecular condensation of halocarboxamides using 

25 a reaction system comprising a mixture of dichioromethane and 50% aqueous sodium hydroxide solution 
in the presence of a solid phase transfer catalyst Among the compounds whose synthesis are reported 
by Okawara et al are 1,4-dibenzyipiperazine-2,5-dione, 1,4-dipheritfpiperazine-2,5-dione and 1,4-dlghe- 
nyl-3,6-dimethylpiperazine2,5-dione. The reference does not report any use for the products synthe- 
steed. 

30 Caviochioni et al, "Base Promoted Reactions of a-Halogeno-alkylanilides," Chem. Soc. Perkin Trans. 
I pp. 2969-2972 (1982), reports the preparation of both N, N^alkylpiperazines and 2-amino-2- 
haioatkyloxazolidones by intermolecular condensations of the same reactants used in the synthesis de- 
scribed by Okawara. Cavicchioni et al do not give much detail on the reaction system utilized but appar- 
ently employed a polar organic solvent system rather than a two-phase system comprising a phase trans- 

35 fer catalyst 

Wong et al U.S. Patent 4 400 330 describes the preparation of bis-phosphonomethyl-2,5-diketopiper- 
azine by phosphonomethylation of 2,5-diketopiperazine, followed by hydrolysis of the bis-phosphonome- 
thyl-2,5-diketopiperezine to produce glyphosate. In the phosphonomethylation, formaldehyde and glarial 
acetic acid are added to 2,5-diketopiperazine io produce a suspension which is refluxed. Thereafter, 
40 phosphorus trichloride is added to the reaction mixture which is then maintained at reflux until ait hydro- 
gen chloride by-product has been driven off. After additional refluxing of the reaction slurry, the prod- 
uct is dried in vacuo, dissolved In water, and treated sequentially with caustic solution and mineral add 
to effect hydrolysis and produce glyphosate. 

45 SUMMARY OF TH E INVENTION 

Among the several objects of the present invention may be noted the provision of a novel and im- 
proved method for the synthesis of substituted or unsubstituted 2,5-diketopiperazines; the provision of 
such a method which affords both high productivity and high yield; the provision of such a method which 
50 can be economically implemented; and in particular provision of such a method which does not require the 
use of a phase transfer catalyst 

These and other objects are achieved by a process for the preparation of a substituted or unsubsti- 
tuted 2,5-diketopiperazine represented by the formula: 

55 
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R 1 
I 

N 

/ \ 
R 3 - HC C = O 

I I 
0 a C CH - R 4 

\ / 
N 

I 

R 2 

15 where Rs and R* are Independently selected from the group consisting of hydrogen, alkyl and aryl, and 
Ri and R2 are Independently selected from the group consisting of hydrogen, alkyl having between 1 and 
about 12 carbon atoms, arytmethyl, aryl, 



10 



20 



25 



35 



40 



45 



50 



Y - CH2 - CH2 - and 

O 

II 

- CH 2 - C - OR 5 



where Y Is selected from the group consisting of 

-OR5, 
30 -SRSand 



- n; 



'r 6 

and R5 and R e are Independently selected from the group consisting of alkyl having between 1 and about 
6 carbon atoms; the process comprising bringing together under reaction conditions a substituted or un- 
substituted glycinamide represented by the formula: 

H O R* H 

* I II I I , 
R 1 -N-C-CH-N-R 2 , 

where R 1 , R 2 and R 3 are as defined above, and a haloacetyi halide represented by the formula: 



R 4 O 

X 1 » CH - C - X 2 

where X 1 and X 2 are halogen and R 4 is as defined above, and in the presence of a base forming said 
60 substituted or unsubstituted 2,5-diketopiperazine. 

Other objects and features will be In part apparent and in part pointed out hereafter. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

In accordance with the invention, it has been found that substituted and unsubsthuted 2,5-diketop}- 
penazines can be synth sized in high yield and at high productivity by reaction of a substituted or unsub- 
5 stituted glydnamide with a haloacetyl hafide. Although appiicants do not wish to be bound by any particu- 
lar theory, it is believed that a linear Intermediate is formed by condensation of the glydnamide and 
haloacetyl halide, which can be represented by the following formula: 

R 4 0 R 2 R 8 0 

10 I II I I II 

Xi-CH-C-N-CH-C-NH-R 1 



where JO, R 1 , R 2 R 3 and R* are as defined above. It is believed that the intermediate undergoes cydiza- 
15 tion in the presence of strong base to form the 2,5-diketopiperazine. The process of the invention is 
economical to implement and is particularly advantageous in avoiding the need for a phase transfer cata- 
lyst to promote the progress of the formation of the 2, 5-dIketopiperazine. 
Generally, the glydnamide can be represented by the formula: 

20 H 0 R 3 H 

I II I I 
R 1 - N C-CH-N-R 2 



where FV, R 2 , and R» are as defined above. Thus, where R 1 and/or R 2 is an alkyl group, it may typically 
comprise methyl, ethyl, propyl, isopropyi, n-butyl, sec-butyl, n-pentyl, n-hexyl, 2-ethylhexyI, n-octyl, n- 
decyi or n-dodecyl. Where R 1 and/or R 2 is an aiylmethyl group, it is typically benzyl, but may also be a 
substituted benzyl such as nitrobenzyl or sulfonated benzyl. Similarly, where R 1 and/or R 2 is aryl, ft is 
typically phenyl, but may alternatively be nitrophenyl, sulfonated phenyl, hydroxyphenyl, or carboxyphe- 
nyl. As noted, R 1 or R 2 may also comprise 

0 
II 

35 - CH 2 - C - OR 5 or 

Y CH2 ™ CH2 "■ 



40 where Y is selected from among 

-OR5 ( 
-SR5, and 



45 



50 




where R 5 and R 6 are independently selected from among alkyl groups having between about 1 and about 6 
carbon atoms and aryl. Thus, typically, R5 and/or Re may comprise methyl, ethyl, propyl, isopropyi, n- 
butyl, 6ec-butyl, or n-hexyl. 
55 The haloacetyi halide reactant corresponds to the formula: 

R 4 0 

60 X 1 - CH - C - X 2 

where X* and X 2 are both halogen, and R 4 is as defined above. Among the specific substftuents which 
can typically comprise R 3 or R 4 are ethyl, propyl, n-butyl, n-hexyl and phenyl. Preferably, however, R 3 
and R 4 comprise hydrogen, and th haloacetyl halide reactant corresponds to the f rmula: 
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0 

II 

X 1 - CH 2 - C - X 2 

5 where X 1 * and X 2 ' are independently selected from among chlorine and bromine. Preferably, the 
haioacetyl hafide is chloracetyl chloride. 

To cany out the process, the N.N'-disubstituted glydnamide reactant Is preferably dissolved in an or- 
ganic solvent and the haioacetyl haiide added slowly, for example drop-wise, to the solution. The solvent 

10 utilized comprises an organic solvent which is inert to the haioacetyl hafide under the reaction condi- 
tions. Most preferably, toluene or xylene is utilized as the reaction solvent 

As noted above, the formation of the 2,5-dketopiperazine must be carried out in the presence of a hy- 
drogen haiide scavenger. Although any number of hydrogen haiide scavengers are known to those 
skilled In the art, it is preferred to use a non-nudeophlfic base, which is Incorporated in the solution con- 

15 taining the substituted or unsubstituted glydnamide prior to addition of the haioacetyl haiide. The non-nu- 
deophilic base serves as a hydrogen haiide scavenger and In some cases may promote the Initial con- 
densation between the substituted or unsubstituted glydnamide and the haioacetyl haiide. In general, 
when a non-nudeophific base is used, a stronger base is subsequently added to form the desired prod- 
uct 

20 The initial condensation proceeds rapidly, and substantially quantitatively. Accordingly, the amount of 
haioacetyl haiide charged to the reaction Is conveniently and preferably equivalent to the Initial glydna- 
mide charge. The non-nudeophiiic base is preferably an organic amine such as, for example, triethyl- 
amine or pyridine. Alternatively, an excess of the substituted or unsubstituted glydnamide reactant it- 
self may be used as the non-nudeophilic base. The amount of base charged to the reaction (or in the 

25 case of glydnamide, the excess over that to be reacted with the haioacetyl haiide) should be at least 
about one equivalent per equivalent of haioacetyl haiide charged. 

Prior to and during the addition of haioacetyl haiide, the system is preferably maintained at a tempera- 
ture not greater than room temperature, more preferably 0-1 5°C, typically by use of an ice bath or refrig- 
eration. After addition of the haioacetyl haiide is complete, the temperature is allowed to rise to room tem- 

30 perature or somewhat above. At this point, a minor proportion of phase transfer catalyst optionally may 
be added to the reaction system, for example, between about 0.1% and about 3% by weight based on the 
amount of substituted or unsubstituted glidnamide in the charge. Preferably, however, the phase trans- 
fer catalyst Is entirely omitted. . . 
Thereafter caustic, preferably either NaOH or KOH, is added to the mixture to effect cydizaton. 

35 Either powdered caustic or a 50% or greater aqueous solution may be used Where powdered caustic 
is used, between about 1 and about 2 moles should be charged per mole of product Where 50% caustic 
solution is used, at least about 4 moles should be charged. To complete the cydization, the system is 
heated to a temperature between about 50° and about 150°C, preferably between about 75° and about 
90°C, typically for one to three hours. 

40 The product 2, 5-diketopiperazlne Is conveniently recovered by simple phase separation, drying the 
organic phase (for example, over anhydrous magnesium sulfate) and stripping the solvent Alternative- 
ly, and especially where an N, N\ substituted 2, 5-diketopiperazine is to be used In the synthesis of 
glyphosate or glyphosate precursors, the product can be subjected to further reaction after removal of 
the solvent Thus, for example, the product may be converted to an N-substltuted giydne or N-substitut- 

45 ed glyphosate in accordance with the methods described in the copending applications of Miller and tay- 
lor, EP Applications No. 86870131.9 or Miller, Reitz and Pulwer, EP Application No. 86870132.7. 

Although particularly useful for the preparation of symmetrical 1,4-diaIkyl-2 t 5-dlketopiperazines for 
use in glyphosate synthesis, the process of the invention also affords an advantageous method for the 
preparation of specific asymmetric 1- and/or 4-substituted 2,5-diketopiperazines. Such can be pre- 

50 pared by selecting a glydnamide which initially contains the particular R 1 and R 2 substituents desired. 
Condensation of this glydnamide with haioacetyl haiide and cycllzation In the presence of alkali provides 
high conversion to the desired spedes. By contrast, synthesis from two different a-halocarboxamides, 
using the method of Okawara or CaviochionI, produces a mixture of the desired asymmetric product with 
two by-products, one in which both nitrogens are substituted with R\ and another in which both nitrogens 

55 are substituted with R 2 . Furthermore, the present method also allows for the specific preparation of 
asymmetrically 3- and/or 4 substituted 2,5-diketopiperazines, which by prior art methods would provide 
unwanted mixtures of products as described above. 
The following examples illustrate the Invention. 

60 Example 1 

Toluene (50 ml), N.N'-diisopropylglydnamide (3.96 g; 0.025 mol) and triethylamine (2.53 g; 0.025 mol) 
were charged to a 100 ml round bottom flask that was equipped with a magnetic stir bar and an addition 
funnel. The flask was cooled to 0-5°C In an Ice bath and chloracetyl chloride (2.83 g; 0.025 mol) was add- 
65 ed dropwise via the addition funnel. The mixture was then allowed to warm to room temperature and was 
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stirred for about 30 minutes. The mixture was then filtered. The filtrates were combined and charged to a 
500 ml Morton flask equipped with a thermometer, condenser and mechanical stirrer. Powdered sodium 
hydroxide (2.0 g; 0.050 mo!) was charged to the flask and the reaction mixture was vigorusly stirred and 
heated to 80°C for one hour. The reaction mixture was then filtered and solvent removed under reduced 
5 pressure to give 4.68 g (94.4% yield) of 1 l 4-dilsopropylpiperazine-2 f 5-dione as an off-white solid. The 
solids were crystallized from ethanol to give a white, crystalline solid having a melting point of 177-180*C. 
Analytical results on the product were as follows: 

1H NMR (CDCfe, TMS, 90 MHZ), 5 4.77 (Septet, J-7Hz£H), 3.83 (S, 4H) ( 1.15 (d,J«7Hz12H), 
GoHtsNzOa calc., C 60.58, H 9.15, N 14.13 (198^7) found 60.49, 9.16, 14.10 MS, m/e - 198 (parent) 

10 

Example 2 

The compound N,N'-oTisopropylglycinamide (15.6 g; 0.1 mole), methylene chloride (50 ml), and a 50% by 
weight sodium hydroxide solution (80 g) were charged to a flask and cooled in an Ice bath. Chloracetyl 
15 chloride (11.2 g; 0.1 mole) was thereafter added dropwise and the reaction mixture was then allowed to 
come to room temperature. At this point, benzyttriethylammonium chloride (0.45 g) was added and the re- 
action mixture was stirred for 1.5 hours. The phases were separated, the organic phase was dried (over 
calcium chloride), and the volatiles were removed to leave 15.8 g (79.6% yield) of 1,4-diisopropylplpera- 
zine-2 t 5^jione. 

20 

Example 3 

The compound N,N'-diisopropylglycinamide (7.91 g; 0.05 mole), toluene (70 ml), and triethylamine (5.06 
g; 0.05 mole) were changed to a 500 ml Morton flask equipped with a mechanical stirrer, addition funnel 

25 and thermometer. The resulting mixture was cooled in an ice bath and chloracetyl chloride (5.65 g; 0.05 
mole) was slowly added dropwise via the addition funnel. After addition of the chloractyl chloride was 
completed, the flask was allowed to warm to room temperature and stirred for one hour. The flask was 
then charged with six equivalents (12.0 g) of solid powdered sodium hydroxide. The addition funnel was 
replaced with a condenser, and the mixture was vigorously stirred and heated to 70*C. After the mixture 

30 had been stirred and heated for 1.5 hour, it was cooled and filtered. The collected solids were washed 
with methylene chloride. The filtrates and washings were combined and the solvent was removed under 
reduced pressure to give 8.99 g (90.7% of theoretical yield) of 1 t 4-diisopropytptperazine-2^-dione as a 
yellow-white solid. 

35 Example 4 

The compound N.N-diisopropylglycinamide (7,91 g; 0.05 mole), triethylamine (5.06 g; 0.05 mole), and 
toluene (70 ml) were charged to a 500 ml Morton flask equipped with a mechanical stirrer and addition 
funnel. The mixture was cooled in an ice bath and chloracetyl chloride was slowly added dropwise to the 
40 stirred solution. Upon completion of the addition of the chloracetyl chloride, the Ice bath was removed 
and the flask allowed to warm to room temperature and stirred for about 30 minutes. A precipitate was ob- 
served in the reaction flask. The flask was then charged with 50% by weight sodium hydroxide solution 
(24 g) and heated to 70°C with vigorous stirring. After the mixture was heated and stirred for one hour, 
a sample was taken and analyzed by gas chromatography. The results showed 96.3% (area %) of N,N - 
45 dnsopropy^S-diketopiperazine with virtually no remaining glyclnamlde (less then 2.7%). 

The reaction mixture was worked up by adding methylene chloride (50 ml), separating the caustic layer, 
and washing the caustic layer with an additional aliquot of methylene chloride (1 x 25 ml). The organic lay- 
ers were combined, washed with saturated Nad solution, dried over anhydrous MgSO*, filtered, and 
the solvent removed under reduced pressure to give 8.82 g (89%) yield of a pale, yellow white solid. 

50 

Example 5 

Toluene (70 ml), N-isopropyl-2-benzylaminoacetamide (4.12, 0.02 mole) and triethylamine (2.02 g, 0.02 
mole) were charged to a 100 ml round bottom flask equipped with a magnetic stir bar and an addition fun- 

55 nel. The flask was cooled to 0-5°C in an ice bath and chloracetyl chloride (2.26 g, 0.02 mole) was added 
dropwise via the addition funnel. The mixture was then allowed to warm to room temperature and was 
stirred for 30 minutes. The mixture was then filtered. The filtrates were charged to a 500 ml Morton flask 
equipped with a thermometer, condenser and mechanical stirrer. Powdered sodium hydroxide (4.0 g, 0.10 
mole) was charged to the flask and the mixture was vigorously stirred and heated to 70°C for one hour. 

60 The mixture was filtered and solvent removed under reduced pressure to give 4.57 g (92.8%) of a tan 
solid. The solids were recrystallized from toluene to give a white, crystalline solid, melting point 106.5 - 
107.5°C, identified as 1-isopropyl-4-benzylpiperazine-2,5-dione from the following analytical data: 
NMR (CDCIs, TMS, 90 MHz) 6 7.30 (s, 5H), 4.78 (septet, J=7Hz, IH), 4.60 (s, 2H), 3.90 (s f 2H), 3.80 
(s, 2H), 1.18 (d J«7Hz, 6H). Mass spectroscopy showed parent ion, m/e 246 and elemental analysis gave 

65 the following results: 
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CALCULATED FOUND 

C 68.27% 68.33% 

5 H 7.37 7.38 

N 11.37 11*33 

Toluene (75 ml), N,N'Kiibenzylglydnamide (6.36 g, 0.025 mole) and triethylamine (2£3 g, 0.025 mole) 
were charged to a 100 ml round bottom flask that was equipped with a magnetic stir bar and an addition 
funnel. The flask was cooled to 0-5*C in an Ice bath and chloracetyl chloride (2.83 g, 0.025 mole) was 
15 added dropwise via the addition funnel. The mixture was then allowed to warm to room temperature and 
was stirred for 30 minutes. The mixture was then filtered. The filtrates were charged to a 500 ml Morton 
flask equipped with a thermometer, condenser and mechanical stirrer. Powdered 6odium hydroxide (5.0 
g, 0.125 mole) was charged to the flask and the mixture was vigorously stirred and heated to 70°C for 
one hour. The mixture was then filtered and solvent removed under reduced pressure to give 6.69 g 
(91%) of a brown solid The solids were recrystallzed from chloroform to give a white, crystalline solid, 
melting point 173-174.5°C, identified as 1 ^benzylpiperazine^SKfione from the following analytical da- 

NMR (CDCIs, TMS 90 MHz) S 7.25 (s, 10H), 4.54 (s t 4H), 3.85 (s, 4H). Mass spectroscopy showed 
parent Ion, m/e 294, and elemental analysis gave the following results: 

CALCULATED FOUND 
C 73,45% 73,53% 

30 H 6.16 6.18 

N 9.52 9.50 

35 Example 7 

Toluene (50 ml), N.N'-diisopropylglydnamide (3.95 g, 0.025 mole) and triethylamine (2.53 g, 0.025 mole) 
were charged into a 100 ml round bottom flask that was equipped with a magnetic stir bar and an addition 
funnel. The flask was cooled to 0-5°C in an ice bath and 2-chloropropionyl chloride (3.17 g, 0.025 mole) 

40 was added dropwise via the addition funnel. The mixture was then allowed to warm to room temperature 
and was stirred for 30 minutes. The mixture was then filtered. The filtrates were combined and charged to 
a 500 ml Morton flask equipped with a thermometer, condenser and mechanical stirrer. Powdered sodium 
hydroxide (2.0 g, 0.05 mole) was charged to the flask and the mixture was vigorously stirred and heated 
to 80*C for one hour. A sample of the mixture was analyzed by NMR and showed incomplete conversion 

45 to product Fresh sodium hydroxide (2.0 g, 0.05 mole) was charged into the fiask and heating and stirring 
was continued for an additional hour. NMR then showed complete conversion. The mixture was then fil- 
tered and solvent removed under reduced pressure to give 4.64 g, (87%) of a pale yellow-white solid. 
The solids were recrystallized from toluene to give a white solid, mp 160-163°C, identified as 1 ,4-diisopro- 
py!3-methylpiperazine-2,5-dione from the following analytical data: 

50 NMR (CDCIs, TMS, 360 MHz) S 4.72 (septet, J=7, 1H) ( 4.52 (septet, J-7Hz, 1H), 4.00 (q, J-7Hz, 1H), 
3.79 (s, 2H), 1.43 (d, J-7Hz, 3H), 1.24 (d, J-7Hz, 3H), 1.20 (d, J-7Hz. 3H), 1.14 (d, J=7Hz, 3H), 1.11 (d, 
J«7Hz, 3H). Mass spectroscopy showed parent ion, m/e 212 and elemental analysis gave the following 
results: 



55 



60 



CALCULATED FOUND 

C 62.23% 62.01% 

H 9.50 9.58 

N 13.20 13.14 
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Sample 8 

Toluene (50 ml), N-isopropyJ-2-benzylaminopropionamide (5.51 g, 0.025 mole) and triethyiamine (2.53 g, 
0.025 mole) were charged to a 1 00 ml round-bottom flask equipped with a magnetic stir bar and an addition 

5 funnel. The flask was cooled to 0-5°C in an ice bath and 2<hlon>2-phenylacetyI chloride (98%) (4.98 g, 
0.025 m le) was added dropwise via th addition funnel. The flask was allowed to warm to room tempera- 
ture and stirred for about 30 minutes. The mixture was then filtered The filtrates were charged to a 500 
ml Morton flask equipped with a thermometer, condenser and mechanical stirrer. Powdered sodium hy- 
droxide (2.0 g, 0.05 mole) was charged to the flask and the mixture was vigorously stirred at 70-80°C for 

10 two hours. The mixture was then filtered and solvent removed under reduced pressure to give an or- 
ange-yellow oil, which was purified by chromatography on silica geL Bution with 10% ethyl acetate-hex- 
ane gave 0.39 g (4.6%) of a yellow oil, identified as 1-bopropyl-3-methyM-benzyl-6-phenylpIperazlne- 
2,5-dione. Analytical data are presented below: 

NMR (CDCb), TMS, 360 (MHz) 6 7.34 (m, 10H), 4.97 (septet. J=7Hz, 1H), 4.54 (s, 1H), 3.77 (m, 2H), 
15 3.54 (d, J-13HZ, 1H), 1.46 (d, J«7Hz, 3H), 1.42 (d, J=7Hz, 3H), 1.39 (d, J«7Hz, 3H); MS, m/e 336, 245, 
132, 91. Anal calculated for C2iH 2 4N 2 0 2 : 

CALCULATED FOUND 
20 C 74.97 74.77 

H 7.19 7.23 

N 8.33 8.26 

25 

In view of the above, It will be seen that the several objects of the invention are achieved and other 
advantageous results attained. 

As various changes could be made In the above methods without departing from the scope of the In- 
' 30 vention, it is intended that all matter contained in the above description or shown in the accompanying 
drawings shall be Interpreted as Illustrative and not in a limiting sense. 

Claims 

35 1. A process for the preparation of a substituted or unsubstituted 2,5-diketopiperazine represented 
by the formula : 



40 



50 



55 



R 1 



N 

R 3 - HC C = O 

I I 

45 O = C CH - R 4 

\ / 
N 



R 2 

where R3 and R* are Independently selected from hydrogen, alkyf and phenyl, and R 1 and R 2 are inde- 
pendently selected fromnitrobenzyl and sulfonated hydrogsn, C1-C12 alkyl, benzyl and phenyl, nitrophe- 
nyl, sulfonated phenyl, hydrogenphenyl or carboxyphenyl, 



Y - CH 2 - CH 2 - and 
O 

60 II 

- CH 2 - C - OR s 



where Y is selected from the group consisting of 
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20 



25 



-OR*, 
-SR S , and 

and R5 and R« are independently selected from the group consisting of C1-C6 alkyl; the process som- 
prising reacting a substituted or unsubstituted glycinamide represented by the formula : 



H 0 R* H 

15 I II I I . 

R i -N-C-CH-N-R 2 , 



where R 1 , R 2 and R 3 are as defined above, with a haloacetyl halide represented by th formula : 

R 4 O 
X 1 - CH - C - X 2 



where X 1 and X 2 are halogen and R* is as defined above, and in the presence of a reagent which serves 
as an hydrogen halide scavenger and a base. 

2. A process as set forth in Claim 1 wherein R 1 and R 2 are the same. 

3. A process as set forth in Claim 2 wherein R1 and R 2 are C1-C12 alkyl- 
30 4. A process as set forth in Claim 3 wherein R* and R 2 are isopropyl. 

5. A process as set forth in Claim 2 wherein R 1 and R 2 are benzyl. 

6. A process according to any of Claims 1 to 5 wherein the reagent is caustic and selected from sodium 
hydroxide and potassium hydroxide. . 

7. A process according to any of Claims 1 to 5 wherein the substituted or unsubstituted glycinamide 
35 and the haloacetyl halide are reacted in the presence of an hydrogen halide scavenger and thereafter 

of a stronger base which is subsequently added to the reaction mixture. 

8. A process as set forth In Claim 7 wherein the hydrogen halide scavenger is a norwiucleophilic base. 

9. A process as set forth in Claim 8 wherein said non-nucieophlllc base comprises a norwiucleophilic 
organic amine. 

40 10. A process as set forth in Claim 9 wherein said non-nucleophilic organic amine is selected from the 
group consisting af triethyiamine and pyridine. 

1 1 . A process as set forth In Claim 9 wherein the non-nucleophilic organic amine is a stoichiometric ex- 
cess of the substituted or unsubstituted glycinamide with respect to the amount of haloacetyl halide 
present 

45 12. A process as set forth in Claim 9 wherein the haloacetyl halide is added slowly to a solution com- 
prising said substituted or unsubstituted glycinamide and said non-nucieophllic organic amine, and there- 
after, caustic selected from the group consisting of sodium hydroxide and potassium hydroxide is added 
to the solution to form the diketopiperazine. 

13. A process as set forth in Claim 12 wherein said caustic comprises a powdered alkali metal hydrox- 
50 ide and is added in a proportion of between about 1 and about 2 moles per mole of haloacetyl halide 

charged. ... 

14. A process as set forth in CLaim 12 wherein said caustic comprises an aqueous solution containing 
at least about 50% by weight of an alkali metal hydroxide and is added in a proportion of at least about 4 
moles per mole of haloacetyl halide. 

55 15. A process as set forth In Claim 12 wherein saud solvent comprises an organic solvent which is not 
reactive with haloacetyl halide. 

16. A process as set forth in Claim 15 wherein said solvent is selected from the group consisting of tol- 
uene and xylene. 

17. A process as set forth in Claim 12 wherein the diketopiperazine is formed at a temperature of be- 
60 tween about 50° and about 1 50°C. 

18. A process as set forth in Claim 1 wherein said haloacetyl halide is represented by the formula : 

Xf-CrVCOOC 2, 

65 wherein X 1 ' and X 2 ' are independently selected from the group consisting of chlorine and bromine. 
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19. A process as set forth In Claim 18 wherein said haloacatyl halide is chloracetyl chloride. 
20! A process as set forth In Claim 1 9 wherein R 1 and R 2 are Isopropyl. 
21. A process as set forth in Claim 1 9 wherein R 1 and R* are benzyl. 

5 Patentanspructie 

1. Verfahren zur Herstellung elnes substltuierten oder unsubsttuierten 2,5-Diketopiperazons der 
Formel 

10 Ri 

I 

N 

/ \ 
R3 - HC C = 0 

O » C CH - R 4 

\ / 
N 



15 



20 



worm R3 und R* unabhangig ausgewahH sind aus Wasserstoff, Alkyl und Phenyl und FP und R 2 unabhfin- 
25 gig ausgewShlt sind aus Wasserstoff, Ct-Ci2-Alkyl. Benzyl, Nitrobenzyl und sulfoniertem Benzyl, 
Phenyl, Nitrophenyl. sulfoniertem Phenyl, Hydroxyphenyl oder Carboxyphenyl, Y-CHz-CHji-und 



30 



40 



50 



O 

-CH 2 -&-OR 5 



wobei Y ausgewShlt 1st aus der Gruppe bestehend aus -OR 5 , -SR 5 und 

35 , R 5 

-N 



wobei RS und R* unabhSngig ausgewShlt sind aus Ct-Ce-Alkyl, welches Verfahren das Umsetzen eines 
substitulerten Glycinamids der Formel 



H O R s H 
45 1 II l I 9 

R 1 -N-C-CH-N-R 2 



worin Ri, R 2 und R 3 wie oben definiert sind, mit einem Halogenacetylhalogenid der Formel 



R 4 0 

X 1 - CH - C - X 2 



55 worin X 1 und X 2 Halogen bedeuten und R 4 wie oben definiert ist, und in Anwesenheit eines Reagens, das 
als HalogenwasserstoffSnger und als Base dient, umfaBt 

2. Verfahrpn nach Anspruch 1, worin Ri und R 2 gleich sind. 

3. Verfahren nach Anspruch 2, worin Ri und R 2 Cr-Ct2-AIkyl sind. 

4. Verfahren nach Anspruch 3, worin R 1 und R 2 Isopropyl sind. 
60 5. Verfahren nach Anspruch 2, worin R 1 und R 2 Benzyl sind 

6. Verfahren nach einem der AnsprOche 1 bis 5, worin das Reagens kaustisch ist und ausgewShlt ist 
aus Natriumhydroxid und Kaliumhydroxid. 

7. Verfahren nach einem der AnsprOche 1 bis 5, worin das substituierte oder unsubstituierte Giycin- 
amid und das Halogenacetylhalogenid in Anwesenheit eines Halog nwasserstoffSngere und dann einer 

65 starkeren Base, die der Reakti nsmischung anschlieBend zugesetzt wird, umgesetzt werden. 
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8 Verfahren nach Anspruch 7, worm der Halogenwasserstoffanger sine nteht-nukleophfle Base 1st 

a Verfahren nach Anspruch 8, worm die ntcht-nukleophlle Base eln nichl-nukieophfles organlsches 

^0. V^SirBn nach Anspruch 9, worm das nicht-nuWeophfle organische Amin ausgewahlt 1st aus der 
5 Gnippe bestehend aus Triilhylamin und Pyridin. _ _ . 

11. Verfahren nach Anspruch 9, worin das nlcht-nukleophlie rganische Amtn ein stdchiometnscher 
OberschuB des substituierten Oder unsubstituierten Giycinamids in bezug auf die Menge des vorhande- 
nen Halogenacetylhalogenlds 1st , 

12. Verfahren nach Anspruch 9, worin das Halogenacetylhalogenid langsam einer Losung zugesetzt 
10 wird die das substituierte oder unsubstituierte Glycinamld und das nicht-nukleophile organische Amin 

umfaBt und danach kaustisches Material ausgewahlt aus der Gnippe bestehend aus Natriumhydroxid 
und KaliumhydroxkJ der L6sung zur Bildung des Diketopiperazins zugesetzt wird 

13. Verfahren nach Anspruch 12, worin das kaustische Material ein puhrerfarmiges AlkaDmetallhydro- 
xid umfaBt und In einer Menge von etwa 1 bis etwa 2 Moien pro Mol eingesetrtem Haiogenacetylhaioge- 

15 nid zugesetzt wird. _ _ , - 

14. Verfahren nach Anspruch 12, worin das kaustische Malenal eine wassenge Ldsung umfaBt, die 
mindestens etwa 50 Gew.% eines Alkaiimetallhydroxids enth&It, und in einer Menge von mindestens etwa 
4 Molen pro Mol Halogenacetylhalogenid zugesetzt wird. 

15. Verfahren nach Anspruch 12, worin das L6sungsm'rttel ein organisches LSsungsmrttel umfaBt das 
20 mit Halogenacetylhalogenid nicht reaktionsfahig ist 

16. Verfahren nach Anspruch 15, worin das Ldsungsmittel ausgewahlt Ist aus der Gruppe bestehend 
aus Toluol und Xylol. , , _ ^ . . , 

17. Verfahren nach Anspruch 12, worin das Diketopiperaztn bei einer Temperatur von etwa 50 bis et- 
wa 1 50°C gebildet wird. 

25 1 8. Verfahren nach Anspruch 1 , worin das Halogenacetylhalogenid die Formel Xi'-^H2-CO-X* 

aufwelst, worin X 1 ' und Y? unabhangig ausgewahlt sind aus der Gnippe bestehend aus Chlor und 
Brom. 

19. Verfahren nach Anspruch 18, worin das Halogenacetylhalogenid Chloracetylchlorid ist 

20. Verfahren nach Anspruch 19, worin R* und R* Isopropyl sind. 
30 21 . Verfahren nach Anspruch 1 9, worin Ri und R* Benzyl sind. 

Revendications 

1. Proc$d6 de preparation d'une 2,5-dic6topip§razine substitu6e ou non substitute rtpondant k la for- 
35 mule: 

Rl 



40 



45 



50 



55 



60 



R3 - HC "C = O 



I 

O = C CH - R 4 



R2 



dans laquelle R3 et R« sont choisis ind6pendamment parml un atoms d'hydrogdne, un groupe alkyle et phd- 
nyle et Ri et R 2 sont choisis Indtpendaminent parmi un atome d'hydrogdne, un groupe alkyle en O k C 12 , 
un groupe benzyle, nltrobenzyle et benzyle sulfont, phenyle, nitrophSnyle, phtnyle sulfont, hydroxy- 
ph6nyle ou carboxyphSnyle, 
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Y - CH2 - CH2 ~ et 
O 



- CH 2 - C - OR 5 

oil Y est cholsi parml 

-OR5, 

-SRs.et 

R5 

et R6 et Re sont choisis ind6pendamment parmi les groupes alkyle en Ci k Cs, le proc6d§ comprenant le 
fait de faire rdaglr un glycinamide substhuS ou non substitud r£pondant k la formule: 

H 0 R 3 H 

t n I t 

R 1 - N - C - CH - N - R 2 , 



dans laquelle Ft 1 , R 2 et R 3 sont tels que dSfinls ci-dessus, avec un halogenure (fhaloacetyle repondant a 
la formule: 

R 4 0 

i n 

X* - CH - C - X* 

dans laquelle X 1 et X 2 sont des atomes d*haIog&ne et R 4 est tel que ddflni ckjessus, et en presence d'un 
rSactif qui sert de compos§ fixant rhaiog6nure d'hydrogfene et d'une base. 

2. Proc6d6 selon la revendication 1, dans lequel R 1 et R 2 sont identiques. 

3. Proced6 selon la revendication 2, dans lequel R 1 et R 2 sont des groupez aJkyle en Ci k Ct2. 

4. Proc6d6 selon la revendication 3, dans lequel R 1 et R 2 sont des groupes isopropyie. 

5. Proc&te selon la revendication 2, dans lequel R 1 et R 2 sont des groupes benzyle. 

6. Proc6d6 selon Tune quelconque des revendications 1 k 5, dans lequel le rSactrf est un alcali caustf- 
que et est choisl parmi I'hydroxyde de sodium et I'hydroxyde de potassium. 

7. Proc6d6 selon Pune quelconque des revendications 1 k 5, dans lequel le glycinamide substituS ou 
non substituS et ITialog§nure d'haloac6tyle sont mis k n6agir en presence d'un compost fixant I'halog6nu- 
re d'hydrogene, puis d'une base plus forte qui est ensuite ajoutee au melange rSactionnel. 

8. Proc6d§ selon la revendication 7, dans lequel le compos§ fixant I'halogSnure d'hydrogene est une 
base non nuclSophile. 

9. Proc6d6 selon la revendication 8, dans lequel cette base non nucteophOe comprend une amine orga- 
nlque non nucteophiie. 

10. Proc§d§ selon la revendication 9, dans lequel cette amine organique non nucteophlle est choisie 
parmi la triethylamine et la pyridine. 

11. Proc6d§ selon la revendication 9, dans lequel famine organique non nucteophile est un exces stoe- 
chiom&rique du glycinamide substitu6 ou non substitu§ par rapport k la quantity d'halog§nure d'haJoac6- 
tyte presente. 

12. ProcedS selon la revendication 9, dans lequel I'halogenure d'haloc&yle est aJout6 lentement k une 
solution comprenant ce glycinamide substitu6 ou non substituS et cette amine organique non nucteophile, 
puis un alcali caustique choisi parmi I'hydroxyde de sodium et I'hydroxyde de potassium est a]out6 k la so- 
lution pour former la dic6topip6razine. 

13. Proc6d6 selon la revendication 12, dans lequel cet alcali caustique comprend un hydroxyde de m6- 
tal atcalln pulv6ris6 et est ajoutS dans une proportion comprise entre environ 1 et environ 2 moles par mo- 
le d'halog6nure d'haloac&yle introduce. 
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14. Proc6d6 seton la revendication 12, dans lequel cat alcall caustique comprend una solution aqueuse 
contenant au molns environ 50% en polds (fun hydroxyde de m6tal alcalin et est ajout§ dans une propor- 
tion d'au moins environ 4 moles par mole (fhaIog6nure d*haloac6tyle. 

15. Precede selon la revendication 12, dans lequel ce solvant comprend un sofvant organique qui n'est 
5 pas reactif avec Phalog§nure cfhaloacetyle. 

16. Procede selon la revendication 15, dans lequel ce sofvant est choisi parmi le tolu&ne et le xylene. 

17. Precede selon la revendication 12, dans lequel la dicetopiperazine est form£e a une temperature 
comprise entre environ 50° et environ 15CKJ. 

18. Proced6 selon la revendication 1, dans lequei cet halogenure d'haloac^tyie est represents par la 
10 formula: 

Xi'-CHa-COX* 

dans laquelle X*' et X 2 * sont cholsls indSpendamment parmi les atomes de chlore et de brome. 
15 19. Proc6d6 selon la revendication 18, dans lequel cet halogSnure <fhaloac6tyie est le chlorure de chlo- 
racdtyfe. 

20. Proc§d6 selon fa revendication 1 9, dans lequel R 1 et R 2 sont des groupes isopropyle. 

21 . Proo6d6 selon la revendication 1 9, dans lequel FP et R 2 sont des groupes benzyle. 
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